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Abstract 
A method is presented for surface modification of 3D metallic components, to generate micron-sized features to improve drag 
and surface interaction with viscous fluids. 
The technique relays in the selective consolidation of pre-placed powder, directly on the surface of the component, to produce 
micro-cladding tracks under 50 microns in width. A single mode fibre laser is scanned at high speed on the powder to provide the
desired geometry. The requirements and limits of the technique are studied, regarding the laser source, optical setup and powder
preplacing methodology, as well as practical aspects for its implementation and some applications. 
Keywords: Laser Microcladding; Surface Modification; Solid-Fluid interaction; Single-mode fibre laser. 
1. Motivation 
Engineered components are often designed taking care of its shape and material, but when it comes to the surface 
properties, usually only general properties like roughness and hardness are taken into consideration. Anyway, 
surface is where the physical interaction with the medium takes place for all engineered component, and it is the 
source for most process inefficiencies, like heat losses or friction. In case of moving parts in contact with fluids 
(almost all vehicles, motors or generators), surface interaction with viscous fluids causes the largest portion of 
energy loss and efficiency drop, mainly from boundary layer effects. 
The rising costs of fossil fuel and concerns on sustainability have re-emphasized the researches directed to 
viscous drag reduction of turbulent boundary layer. There are many engineering applications in aeronautics, marine, 
ground vehicles, and pipelines which can be benefited from any significant reduction in drag. Passive drag reduction 
techniques stand as the most portable and feasible way to be implemented in real applications, among those 
techniques, the most promising are the surface texturing. Different shapes have been investigated experimentally. 
Initial studies on riblets were conducted by Walsh [1-3]. 
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Bioinspired shapes have been researched and reported to provide large drag reduction ratios, including 
rectangular or scalloped riblets, and shark-skin-shape riblets. [4-6]. Therefore, it is well established that micron-
sized topographic features have a strong impact on the limit-layer behavior of the fluid in relative motion, and can 
avoid limit-layer detachment at high speeds, reduce vorticity and turbulence in the near-field [7-8]. 
However, riblets are very rarely used in real life applications due to practical fabrication difficulties. The use of 
coatings (rubber, for instance) which incorporate these features has been proposed and used in some applications, 
but most of the functionalities of the original surface are thereby lost (like heat management, wear resistance or 
hardness). Hence, a simple modification of the original component after its standard production, but keeping its 
surface interaction as much as possible, is the preferred way to provide these microfeatures afterwards. 
Many works have lately proposed laser micromachining as an effective way for producing these kind of surface 
topography, and they have demonstrated high geometric accuracy at the micron scale and repeatability thanks to the 
use of ultrafast laser ablation processes. The main drawback of this method is related with its distance from 
industrial praxis, and its productivity. 
In this work, laser microcladding with continuous wave laser is proposed as a productive, flexible and simple 
method for surface modification of 3D metallic component, to generate microfeatures which influence the surface 
interaction of the component with a viscous fluid in relative motion. Advantage can be taken nowadays of advanced 
high beam quality laser power sources with reduced spot sizes. 
2. Requisites 
The main requirement for the structures to be made is that they must withstand long term operation in harsh 
environments without degradation of their geometrical quality. The beneficial effect of surface microstructures 
largely depends on the size and distribution of microfeatures on the surface, and a modification of feature size can 
even turn into detrimental to the performance of the component. That is why a high dimensional stability in time is 
mandatory for exploiting the energy-saving potential of the microfeatures. 
All these requirements can be translated to high corrosion and wear resistance of the clad track, as well as high 
adhesion. In most cases, good chemical and mechanical properties require that the track chemical composition need 
to be the same that the one in the original powder, thus low dilution is required. When surfacing is made by fusion, 
this implies as well strong requirements on process-induced stresses and thermal impact on parent material. 
In the case of riblet structures, the required dimensions are related with the speed and fluid viscosity. In a wide 
range of applications (aeronautics, propellers, ship hulls), the optimal riblet thickness is 30 to 80 microns [9]. 
Concerning the spacing between tracks, several configurations have been tested from high density (50% fill factor) 
to low density configurations, with ratios of width/spacing down to 0.05 [8]. In this case, additive production have 
an evident productivity advantage when compared with ablative processes, where the spacing have to be produced. 
Economical and practical considerations have to be taken into account, in terms of productivity, number of 
preprocess and postprocess steps, mantainability of the production equipment and cost of raw materials to be used. It 
is not to be omitted that these practical aspects have prevented riblet technology to spread their uses. 
3. Microcladding and related technology 
Additive manufacturing allow improving surface functionality by introducing a new material in the interface with 
the medium. Laser cladding (several millimeters in track width and height) has been largely reported as a high 
quality surfacing process due to the ability to reach small dilutions, controlled heat affectation and low process 
induced stress. Laser is a common practice in aerospace parts repairing, chemical industry, nuclear industry, etc. 
Laser microcladding is the technique of surfacing by melting of additive material on the substrate, when the 
produced features are micron-sized. The need for producing features of a few tens of microns implies certain 
stringent requirements on the laser sources, powder feeding equipment and powder characteristics. Microcladding 
has been developed [10-11] for micro-features production, precision repairing, and direct manufacturing. The limits 
of the methods are being expanded thanks to new processing regimes, new laser sources and feeding concepts. 
All researches in laser cladding stress emerging phenomena which do not allow the direct scaling of a 
macrocladding process into micron scale. Microcladding is still far from industrial applications, but it deserves large 
attention due its potential to provide a cheap and fast way to produce a certain: 
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x Texturing of functional surfaces: fluid-dynamic, hydrophobic, sensing/actuating ability... 
x 3D microstructures for prototyping, microrobotics, scaffolding for biotechnology… 
x Repairing and net shape manufacturing at micron scale 
x Modification of injection moulds for mass production of microfeatured components. 
Powder feeding is the easier to automate addition technique. As powder size has to be under feature size, the 
main technological limit is the transport of the powder to the process area. Pneumatic transport of powders with high 
surface/mass ratio is extremely difficult, due to their trend to agglomerate and break the fluid bed. Metallic powder 
under 50 microns lays in all cases in the “C” class of powder according to Geldart classification[12], which is 
considered not suitable for pneumatic transportation, requiring high density gas, electrostatic charging, conditioning 
additives, or aditional energy source: ultrasounds, acoustic pressure, or magnetic pulses[13]. There are various 
solutions from scaling the macrocladding technologies, and alternative solutions tailored for these requirements. 
Coaxial powder injection is the most common way to place powder over 100 microns, using a stream of carrier 
gas concentric to the laser beam. The coaxial head is a complex part which failed to be adapted to C class powder. 
State of the art of this kind of equipment allows producing successfully feature sizes of about 100 microns. 
Lateral feeding allows placing powder with a simpler arrangement. The powder feeding technique requires high 
positioning precision and careful design of special nozzles. High speed carrying gas flows and special fluidizing 
methods are required for small particles. Some rely on transporting the powder from fluidized beds created by 
pulsating pressure burst or mechanical suspension methods like brushes or ultrasound vibrating plates. 
Difficulties arise when trying to industrialize these approaches, mainly related with limitations in the powder 
travel length, long term stability of the powder feed rate, and high requirements on the powder quality (affecting its 
cost). In this work, an alternative pre-placing technique is proposed and developed. 
4. Experimental Work 
4.1. Equipment  
The trials were made in a general purpose testing arrangement consisting in a 2 axis CNC stage where the piece 
with pre-placed powder was attached using mechanical clamping. The laser source used in this work is a diffraction 
limited fibre laser from TRUMPF (Trufibre 400), with a fibre core diameter of 11 microns and a maximum power of 
400 W. This equipment is representative of the new generation of high brilliance industrial lasers, able to produce 
high energy densities for fast and accurate processing. 
Laser radiation is delivered to the workpiece by means of galvoscanner beam stirring optics, with theta field 
lenses for providing a working field of 36 cm2 with fixed focus distance of 135 mm. The optical magnification of 
this system is 1.5, which yields a focal point of 17 microns. The system benefits of a relatively large Rayleigh length 
of several millimeters, at least two orders of magnitude larger than the spot size. 
All shapes are produced with the piece static and stirring the beam. CNC stage is used only to cover large 
surfaces by juxtaposition of several patches processed with beam stirring. Most shapes were produced by using the 
laser in CW mode and using the controller of the beam stirring system to control the laser gate. While complex 
shapes were produced by using the laser in modulated mode. 
4.2. Materials 
Tested materials had been selected according to the envisaged applications of the developed technique, which 
includes drag reduction in air or steam flow, drag reduction in water and improvement of lubricant film pressure in 
lubricated contacts of machines. Hence, studied base materials include titanium, brass and steel and powder 
materials include different metallic and ceramic commercial powders for surfacing and rapid prototyping. 
Different materials were used in microcladding generation, in order to test the potential of the technology, as well 
as the dependence of results on the nature of the work material. Tests were made on flat, polished samples taken out 
from different base materials. 
Titanium Grade-V (Ti6Al4V) was tested as base material with different cladding materials, including Stellite 6 
and Inconel 718, looking for good metallurgic compatibility and improved wear resistance. In this case, a special 
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powder was also prepared consisting in micron sized Stellite 6 with TiC nanoparticles attached to the grains by 
means of high energy milling. These TiC loaded Stellite 6 particles are intended to provide a better performance by 
means of nanoparticle dispersion in the cladding track. The base material has a biphasic microstructure which needs 
to be kept after the process to maintain its mechanical and corrosion resistant properties. 
A cold working grade D-2 steel (high C and Cr), commonly employed for forging, die casting and drawing dies, 
due to its excellent wear and corrosion resistance. Its main of this steel is its low toughness. This steel is considered 
difficult to repair or clad, due to low weldability which causes large heat affected zones with important drops in 
hardness, and cracking. This base material is used to test the ability of the method for improving lubrication, by 
means of producing structures which improve lubricant pressure and film thickness (riblet like structures). Different 
cladding materials were used, a H13 steel (high Cr) and H20 steel (high W), both hot working steels with large 
carbide forming elements. These powders were selected to withstand higher temperatures in the contact area. 
Brass was also selected as base material, for its applications in harsh environments, for its biocide properties, 
chemical resistance and wear resistance. A dezincification resistant brass (DZR) according to EN 12164 6W/614N 
was selected. High thermal conductivity and reflectivity to IR radiation must be accounted. Tool steel was selected 
for cladding material to test the ability of the process for special combinations and for providing differentiated 
functionality. H13 steel was used in this case. Very low dilution is mandatory to avoid metallurgical problems. 
4.3. Experimental procedure for pre-placed powder microcladding 
The developed technique looks for a simple and productive solution for the generation of micron sized features 
on large components. A pre-placed powder consolidation method is proposed for the production of cladding tracks 
under 50 microns in thickness, by taking advance of the high beam quality of a diffraction-limited solid state laser 
source for performing the powder consolidation. The adequacy of the technique to the production of micro-riblets 
and shark-skin structures is assessed, as well as the process limits and requirements. 
The basic idea is to avoid the need of fluidizing and transporting the particles. In a way that mimics the working 
principle of powder bed laser sintering, a thin layer of powder is placed on the surface to be textured. The deposited 
powder is consolidated selectively and locally by means of a scanned laser source, with enough energy to melt both 
the powder and a small volume of the substrate, to improve their adhesion. Two different preplacement methods 
were tested, the dry and the wet preplacement. Both takes advantage of the cohesive nature of the powder to 
improve get a homogeneous layer of powder previous to the consolidation step. 
Dry placement consists in depositing a layer of dry powder on the workpiece, which is afterwards flattened with a 
scrapper blade, which acts similar to the roller in an SLS machine. The resulting layer height depends on the 
distance of the blade to the surface, maintained by means of sliding plastic spacers, and the homogeneity and density 
of the predeposited layer depends also on the particle size distribution of the powder. 
Wet method is based in the use of a liquid dispersion of the powder in a carrying fluid, selected to be easily 
evaporated after the application. Suspension is improved by means of ultrasound vibration. The resulting 
suspension, in the form of dense and fluid slurry, can be applied by means of sprying or by painting the surface. 
After the mixture is placed in the surface, it is dried in seconds, and the surface can be processed by laser 
consolidation. Processed surfaces are afterwards cleaned with solvent to remove the unconsolidated particles. In this 
case the powder placing is easier, especially in 3D surfaces, but the thickness of the powder layer depends on many 
governing factors like the fluid-solid interaction, suspension concentration, application method, etc. The height can 
also be modified right after the application of the slurry by mechanical means. 
Both methods were used to prepare samples on different materials, using different industrial grade metallic and 
ceramic powders, which were afterwards selectively consolidated with laser beam. Produced tracks and structures 
had been characterized to assess their geometrical and mechanical quality, as well as the expected performance. 
Characterization techniques include stylus microprofiling and interferometric surface microprofiling, metallographic 
study, micromechanical studies, adhesion tests and lubricated wear tests. 
5. Results and Discussion 
Powder melting with low power, highly focused laser is a stable process at scanning speeds up to 1000 mm/s and 
power densities about 10 MW/cm2. High scanning speeds also avoids excessive dilution and heat effects. This 
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results in track widths under 50 microns, with a certain dependency on the powder size distribution. Best results are 
found with monomodal powder sizes smaller than 35 microns. 
The quality of the resulting tracks, in terms of geometrical quality and height consistency depends in a great 
degree on the size distribution of the powder and pre-placing execution, more than in the nature of the powder itself. 
Isopropanol suspensions with 70 % content in solids, combined with ultrasound vibration, resulted in good quality 
powder layers and microcladding tracks. Under these conditions, good aspect ratio tracks are obtained, with 
consistent track height of over 25 microns. Under metallographic observation low porosity, low dilution and good 
interface is observed. When power densities exceed 10 MW/cm2, large damage to parent material is observed. 
5.1. Parametric Analysis and Geometrical Quality of Microestructured Surfaces. 
For each combination of base and clad material, a test matrix was performed combining variations of the 
different governing parameters of the process, to find their optimal value and their influence on the final result. 
Microstructure is studied to determine the affectation level in parent and added material, the depth of the molten and 
heat affected zone in the base metal, and the dilution of feed and parent material. Geometrical quality of produced 
microstructure is studied in terms of bead dimensions, repeatability and homogeneity. 
The parameters under study are: dry or wet powder application, amount of pre-placed powder, scanning speed on 
the surface, laser power, focus position (defocusing) and shielding gas. 
As expected, metallographic observations revealed a strong dependence of the microcladding track width with 
the size of the powder particles, as well as the spot size of the laser radiation. The depth of the molten and heat 
affected zone is directly connected with the power density of the laser radiation and inversely proportional to the 
scanning speed on the surface, so it can be related with the total energy density, as happens in the case of deep 
penetration welding. In the following figures, a series of tracks are shown with different combinations of laser 
power and speed. This sequence was repeated for all combinations of materials and powder pre-placing conditions, 
with and without gas, resulting in a large amount of test cladding tracks, which could be compared in terms of 
penetration and dilution. 
Figure 1. Metallographical section of a test series on D2 tool steel, with H20 hot work steel clads. Detail of one of the tracks. 
Figure 2. Cladding test results with different laser parameters and no gas protection. (a) Stellite on Titanium. (b) Stellite on Titanium in 
metallographic section. (c) Inconel 718 on Titanium. (d) Inconel 718 on Titanium in metallographic section. 
Microcladding track geometry was characterized by using a WYCO RST 500TM optical profiler, which performs 
non-contact 3D surface profilometry and surface roughness characterization. This procedure was used to take 3D 
topographical data of the microtextured surfaces and obtain quality indicators for the different microcladding tracks. 
After comparing the different conditions for each material, the best combination of operation conditions was 
chosen to perform several parallel tracks to form a riblet-like structure and assess the stability of the method, as 
shown in the following figures. It could be clearly seen that powder pre-placing technique and powder quality was 
largely controlling the quality of the final tracks, over the initial roughness of the treated surface. 
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The parametric study points the laser parameters as the main governing factors for the thermal affectation on the 
parent material, with little influence of the gas or powder characteristics. When using no gas or powder (bead on 
plate welds) the affectation is fully dependent on the energy input. 
Figure 3. (a) Optical micrography of H20 microcladding tracks on D2 steel (b) Topographic representation of the resulting surface. 
Figure 4. Profile in the direction transversal to the riblets (X profile) and in the parallel direction on the parent material (Y profile). 
With powder bead, the trend is similar, yet not as linear (a certain amount of energy is retained by the powder 
fusion process, but it is not a large amount, and it is not stable), and gas shielding reduces slightly the affectation for 
medium to high power (75-100 W) and lower speeds. There seems to have minimal influence for high speeds, other 
than better bead aspect. To minimize heat affectation, low powers are needed. With the 20 microns spot size used in 
this work, power under 25 W get tracks with negligible affectation to the base material. Power over 50 W require 
very high speeds (up to 1 m/s was tested, due to limitations in the scanning equipment) to minimize heat effects. 
Figure 5. Parametric study for affectation depth and track width depending on different process conditions. 
As for the geometry of the track, (width and height), larger influence is detected of powder characteristics and 
powder bead height. There is a saturation effect on both track width and height with the power, and larger 
dimensions when slower scanning speeds are used. Thus, no advantage is found in using any power level over 50 W. 
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To attain the limit of 50 microns wide tracks is a difficult task, as the process becomes unstable and close to the 
fusion energy threshold of the powder for high melting point alloys (satellite or inconel). This effect can be 
improved thanks to the use of appropriate choose of shielding gas (Helium) which reduces surface tension forces of 
the molten drop and helps forming thin tracks in a stable process. Tracks down to 30 microns could be made with 
high speed scanning of laser radiation (800 mm/s) and 25 W of laser power. The process window for inconel on 
titanium lies in the 25-50W power level, with 600-1000 mm/s scanning speed, for good results with low affectation. 
5.2. Quality assessment: wear and corrosion testing 
The better riblet-like microcladded structures in terms of penetration and geometrical quality were selected for 
performing wear and corrosion tests. 
Electrochemical corrosion tests were performed on D2 tool steel cladded with H20 steel (spherical powder, 
particle size under 20 microns). Several structured samples were tested with riblet like structures. Similar track 
width was obtained (about 50 microns) but different track separation was forced on each sample: 50, 100 and 250 
microns. All these configurations try to measure the effects of the bead, the affected and the unaffected material on 
the corrosion performance. 
Open Circuit Potential (OCP) measurements are first performed to quantify the required polarization voltage. A 
scanning potential polarization is therefore applied to the sample while measuring the corrosion currents, to identify 
conditions for accelerated degradation, from cathodic to strongly anodic conditions. 
Figure 6. (a) Scanning polarization curves for different cladded structures as well as base material (b) &(c) Details of a tested sample, riblet span 
of 50Pm. (d) &(e) Detail views of tested simple, riblet span of 250 Pm. 
All tested samples show a low current density in all the voltage scanning range. Corrosion current values icorr are 
three orders of magnitude under the limit usually considered as dangerous for the material (1 PA/cm2), and in the 
same range of the unaffected material. Parent material shows a corrosion potential slightly higher than the textured 
surfaces, but the effect of the cladding and heat affectation is very little, and no mass loss or sign of corrosion could 
be detected on tested textured samples even when observed under Scanning Electron Microscope. 
In all cases, the return path of the cyclic polarization show a lower current density than the ascending path, which 
suggest a certain recovery of the material ability to withstand corrosion, thanks to its high chromium content. Little 
or no variation is detected with the variation of the spanning between cladding tracks, showing the trend only the 
difference between the clad and the parent material, but with no visible effect of the interface or the heat affected 
zone, even at clearly anodic potential over 1 V in saline medium (NaCl 35 g/L). No sign of stress corrosion 
cracking, pitting or intergranular corrosion is seen after the cyclic tests. Semiqualitative (Xray-EDS microprobe) 
analysis was performed on tested samples prior and after being cyclic polarization in saline environment. 
Micrographs (Figure 7) and chemical analysis (Table 1) show no relevant variation after corrosion test. 
Similar results were recorded for all material combinations when heat affectation was kept small, condition 
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corresponding to moderate to high scanning speeds and low laser power. Important is to note that good powder 
quality and size distribution help in getting this behavior, so powder quality is indirectly connected to the corrosion 
performance of the track. 
Figure 7. SEM image of a 250 micron spanning riblet surface (a) prior to corrosion testing (b) after corrosion testing. The rectangles show the 
areas where EDS analysis were performed for each image, number 1 in parent material and number 2 on the cladding track. 
Table 1. EDS microprobe analysis results on 250 micron spanning riblet surface, on samples prior and after corrosion. 
 Mass percent (%) 
Area Corrosion Test O Si S V Cr Mn Fe Ni Mo 
1
No 1,03 0,24 0,02 1,41 15,94 0,52 80,04 0,12 0,66 
Yes 1,2 0,23 0,12 1,21 14,65 0,49 81,42 0,22 0,48 
2
No 1,2 0,37 0,02 0,57 9,6 0,53 84,63 2,77 0,32 
Yes 2,69 0,52 0,21 0,69 9,04 0,53 82,97 3,27 0,08 
For assessing the tribological performance of the parent material and cladded tracks, lubricated tribometries were 
performed by using an automotive lubrication oil on a pin-on-disc and linear friction tests with a MICROTEST 
tribometer. All microstructured surfaces have a friction coefficient under the value of parent material in as-grinded 
condition (Ra over 2 microns). Friction coefficient of the original surface on steel is between 0.15 and 0.2, while all 
structured samples have friction coefficient values under 0.15, being the most important value for the friction 
performance the spanning between clad tracks. Better results are obtained for 50 micron spanning (50% fill factor) 
structures, which even at high loads do not exhibit break of lubricant film at high speeds (up to 600 rpm) or with 
long tests. Thus, it has been assessed the resistance of the tracks to friction forces (good adhesion to the substrate, 
good mechanical properties) even at high loads (up to 30 N on the pin), and the beneficial effect of the structure on 
the friction forces. The detrimental effect of vertical dimension inhomogeneities in the tracks is quickly neutralized 
by deformation of the highest points of each track during the first wearing cycles. Almost no weight loss is detected 
after long runs of pin-on-disk tests due to this mechanism of flattening, followed by progressive reduction of friction 
coefficient when heights of all tracks are equalized. 
5.3. Practical Issues 
Some special geometries had been tested by other authors, resulting as optimal for improving the surface 
interaction with the fluid, as well as for reducing biofouling and improving the cavitation resistance in the case of 
marine propellers. These geometries include not only the micron sized parallel tracks but also intermediate flow 
channels which help their performance, mimicking the natural shark skin geometry. The distance between tracks and 
size of intermediate channels largely depend on the fluid speed and viscosity, and range between tens of microns to 
one millimeter. The capability of the process to produce such geometries was tested. The main limitation is related 
with the high speed of the powder fusion process, required to get thin tracks with low dilution and heat affectation. 
This high speed, in the order of several hundreds of millimeters per second in all studied cases, brings problems 
when trying to make short tracks of very controlled length and position, due to synchronization issues. 
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Figure 8. (a) Real Shark Skin (source: www.sharkskincoating.com). (b), (c), (d) Shark Skin claddings draft and micrographs 
All shapes are produced with the piece static and stirring the beam. CNC stage is used only to cover large 
surfaces by juxtaposition of several patches processed with beam stirring. The shape of the shark skin claddings was 
produced with continuous galvoscanner movement combined with the use of the laser in modulated mode, 
synchronizing the modulator with the stirring electronics. The gate of the laser was opened and closed to coincide 
with the track or the channel. This way, low speed defects are avoided to get thin tracks with minimal thermal 
affectation. This synchronization and gate programming requires extra work on the experimental setup. 
For wear resistant applications, biofouling resistant surfaces and rotating components (conformal contacts in 
motors and turbines), special geometries can be required as alternative to standard parallel riblets, which can require 
the presence of track overlaps or curved features. The main features of the structures are maintained (their spanning 
between 50 and 250 microns, track width of around 50 microns and height of a few tens of microns), being the 
governing factors of their hydrodynamic performance, but the alternative geometries allow a different orientation. 
Figure 9. Special geometries to improve tribological behavior.  
Track overlap can be successfully attained by overlapped passes on the same powder bead, resulting in no track 
discontinuity or defect and good track quality in general, and the quality of curved tracks depend largely on the 
ability of the scanning system to keep the speed during the path, as seen in the figure. Lower speeds in the curves 
trend to produce a slightly thicker tracks with higher profile and deeper affectation. Again, this can be solved with 
proper electronic control and dynamics of galvoscanner heads. 
The process has shown to be a dependable and affordable solution for the production of microfeatures on large 
surfaces, thanks to the low powers required and the high productivities obtained. For the creation of riblets with 200 
microns pitch, it is possible to cover surfaces at rates of 1 to 1.5 square centimeters per second. 
6. Conclusions 
Microcladding with powder pre-placing has been tested and demonstrated as a feasible technique for producing 
micron sized features. These features were selected from the topographic modifications shown to have positive 
effect on limit layer detachment, viscous drag forces, lubrication regime and cavitation resistance. These include 
parallel riblets or biomimetic shapes, like shark-skin riblets. 
Most of these surface modifications have in common the need to produce features of some tens of microns in 
width and height in the shape of continuous or discontinuous tracks. The proposed microcladding technique 
succeeded in produce such features for different combinations of materials, including titanium, cobalt, nickel and 
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copper alloys, as well as steels. The key factors to get a good result with a stable and repetible process is the use of a 
high beam quality laser source with focal spot under 50 microns, the use of powder under 35 microns and with 
homogeneous size distribution, and the use of high scanning speeds at relatively low power (50 W and 1 m/s is valid 
for most materials combinations) to attain a minimum heat affected zone and a minimum dilution of the cladded 
track. 
Under these conditions, cladded tracks have good geometrical quality, improved by the use of shielding gas, and 
excellent wear and corrosion characteristics, which match or surpass those of the parent material. Good adhesion, 
low stresses and no detrimental effect to parent material were detected in brass, tool steel or titanium substrates. 
The weak point of the process is the need of a good preparation of the powder previous to its consolidation by 
laser radiation, but this point can be improved by properly engineering an automatic powder distributor for this pre-
process step. Otherwise, the process has shown to succeed providing a very productive and easy to perform 
operation thanks to the high speed scanning of the laser, which can produce textures at rates of several square 
centimeters per second. 
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